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PR FRANCE 


7 O determine the dijlance of the ſan from 

the earth, is a problem of great antiquity, 
probably as old as the ſcience of aſtronomy it- 
ſelf.” Tt has juſtly been efteemed a problem of 
the utmoſt difficulty, and a very curious one. 
I being ſolved, the magnitude of the primary 
planets, and the extent of the ſolar ſyſtem, are ea- 
fily aſcerta ined. Various methods have been made 
uſe of, by aſtronomers in different ages, to ſolve 
it; but the immenſe diſtance of the ſun from 
the earth rendered all theſe methods abortive, 
The celebrated Dr Halley propoſed a very inge- 
nous method of ſolving this problem, by obſer- 
ving the tranſit of Venus over the diſt of the 
fun in the year 1761 ; but this me rethed gas not 
anſwered expeftation. 


The author of the following ſheets was early 
of opinion, that this method would fail; and 
therefore, for many years paſt, he has employed 
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a great part of his time to find out, if poſſible, 
another method of confidering the ſubject. This 
gave riſe to the Trafts phyſical and mathe- 
matical /ately publiſhed by him. In theſe tracts 
a method was pointed out for determining the 


fun's diſtance from the earth, upon the ſuppoſi- 


tion, that the ſolar force affecting the gravity 
of the moon to the earth could be aſcertained; 


which he thought might be done, either from 


the motion of the moon's apogee, or from the 
motion of its nodes. He expected that this would 
be done by an abl:r hand: but as he has ſeen 
nothing of this kind done, after near tao years 
publication of theſe tracts, he thought proper 
to conſider this ſubject himfelf; and has aſcer- 


trained the ſolar force affecting the gravity of 


the moon to the earth, and from that bas calcu- 
lated very accurately the mean diſtance of the 


fun from the earth, 


In his preface to the aforementioned tracts he 


affirmed, 


PREFACE. vi 
affirmed, that as the various methods bitberto 
made uſe of, to determine the ſun's diſtance, 

bad failed on account of the immenſe diſtance 
of the ſun from the earth, the method he pro- 
poſed would be the more accurate the more di- 
ant the ſun is from the earth. The intelli- 


gent reader will ſoon be ſatisfied, that this aſſer- 
tion is juſtly founded. 


The author has now conſidered two of the 
moſt difficult problems in aſtronomy, namely, 
Kepler's problem *, and the aſcertaining the ſun's 


That this problem was eſteemed by the great Kepler, 
the propoſer of it, a very difficult problem, is evident from the 
following paſſage, in the 3ooth page of his * intitled, De 
motibus ſtellæ Martis. 


Miki ſufficit credere, ſolvi a priore non ſs propter arcus 
et ſinus eripoywuer. Erranti mihi, quicunque viam momſirave- 
rit, is erit mihi magnus Apollonius. 


This problem, it is well-known, is of great importance to 
aſtronomy, and has been ſolved by ſeveral mathematicians of 
great note : but they have had recourſe to the more difficult 
parts of mathematics; whereas the ſolution given of it in the 
aforementioned tracts, requires only the knowledge of plain 
trigonometry. 
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Aiſlance from the earth. There remains another 
20 be conſidered of great importance, and e- 
gually' difficult ; that is, to determine the lunar | 
path. This is a very complex problem, and 
would require more time and leiſure to conſider 
it than can be expefted from one in the au- 
thor's ſituation. However, he has already 
made ſome advances in it, which he hopes in 
due time will be publiſhed. Tf any incline to 
confider this ſubjett, they may find ſome propo- 
fetions in the following ſheets that will be of 
conſiderable uſe. 


College of Edinburgh, 
July 19. 1753» 
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The Solar Force affecting the Gra- 
vity of the Moon to the Earth. 


PROP. I. Fg. 1. 


ET the circle ABC repreſent the or- 
bit of the moon round the earth at T, 
ATC the ſyzigial line, and TB the 

line of the quadratures; in TA take TD 

0 


Lance TD, deri be the circll Der; 
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fo that the ſquare of TA may be triple the 
Square of TD; with the centre T, and di- 


AT deſcribe the ſemicircle AHT; #n TA 
produced, take TG 2 that TG may be to 


T as the: periodic time of. dle earl round 


the ſun fo the pert odic time of the moon round 
the earthy; and with the centre T and di- 


flance TG, deſcribe the circle GRK ; ſup- 


poſe the moon at any point L in its orbit; 


and let La be an indefinitely little part of 
the orbit; join TL, Ta, meeting the circle 


GRK in M, d, the ſemicircle A HT 77; 
N, b, and the circle DEF in o, c: the cen- 
tripetal farce. of rhe moon lo the earth will 


be to the ſolar force affefing the gravity of 


the moon to the earth at the point * nearly 


es the ſeclor TM io the ſpace Noch. 
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- Draw tot perpendicular to AC, meeting 


AC: in X join AN; and let TI. meet the 
circle DEF in P; let TV be to TA in the 
duplicate ratio of the periodic time of the 
earth round the ſun to the periodie time 


of the moon round the earth; and let ae 


circle DEF. meet ITC in F. 
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The triangles ATN, LTX « ATE, eyery way 


equal, becauſe the angles ANT, LXT* axe 


both right, and the angle RTL common; 
and likewiſe TA, TL: are equal; | there- 


fore TN, TX are equal; therefore the 
ſquares of TN, TX are equal: y but the 


ſquares off; To, TD are likewiſe equal, 
becauſe To, TD are equal ; therefore the 
rectangles NP, DXF are equal: becauſe 
the ſector TMJ is to the ſector TN as the 


ſquare of IM to the ſquare of TN, and the 
ASE: ſector 
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ſector TNþ is” to the ſpace Noch as the 
ſquare of IN to the rectangle NP; there- 
fore the ſector TM is to the ſpace Noc 


as the ſquare of TM to the rectangle NP; 


that is, as the ſquare of TG to the rec- 
tangle DXF. Again, becauſe TV is to TA 


in the duplicate ratio of the periodic time of 


the earth round the ſun to the periodic time 
of the moon round the earth; that is, in the 
duplicate ratio of TG to TD; therefore 
TV will be to TA as the ſquare of TG to 
the ſquare of TD: bat the rectangle VTA 
is to the ſquare of TA as TV to TA; 
therefore the rectangle VTA is to the ſquare 
of TA as the ſquare of TG to the ſquare of 
TD: and becauſe the ſquare of TA is triple 
the ſquare of TD; therefore the rectangle 
VTA is triple the ſquare of TG ; therefore 
the rectangle VTA will be to thrice the rect- 
angle 
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angle DXF as thrice the ſquare of TG to 
thrice the rectangle DXF; that is, as the 
ſquare of TG to the rectangle DXP; that is, 
as the ſector T Ma to the ſpace Noch: but the 
centripetal force of the moon to the earth is 
Tract 4. prop. 7. ] to the ſolar force affect- 
ing the gravity of the moon to the earth at 
the point L, as the rectangle VTA to thrice 
the rectangle Dx; therefore the centri- 
petal force of the moon to the earth is to 4 
the ſolar force affecting the gravity of the S 
moon to the earth at the point L, as the ſec- 3 
tor TM to the ſpace Noch. Q. E. D. 


Co ot: ta Yr 


Let the ſemicircle AHT meet the circle 
DHE in the point H; join TH meeting the 
circle AQB in Q; if the point L be in the 
arc 
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5 V the ſolar force diminiſnies the gra- 
wmity of the moon to the earth; and if the 
point L. be in the are QB, the ſolar force 
s, the gravity of the moon to the 
Join AH, QD. . Becauſe AT, TH are e- 
. ual to .. 1D, and the angle ATQ 
common therefore the angles QDT, AHT 
are equal: but the angle AHT is a right | 
=: angle, becauſe. an angle in a ſemicircle ; ; 
#1 therefore the angle QD is likewiſe a right | 
| N a f angle ; therefore, if' the point L be /in the ; 
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arc AQ, it is evident, that the point X 
falls without FD; and therefore the ſolar 


N force diminiſhes the gravity of the moon 
6 to the earth. The ſame way-it is ſhown, 


| - that if the point L be in the arc QB, the 


| ſolar force increaſes the gravity of the moon 


x to the earth. 
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e fame” conſtruction remaining ar in the 


for mer” propoſition. Let the circles GRK, 
DHE meet TB in K, E: if the quadrant 


GTK repreſent the ſum ef the centripetal 
forces that have afted upon the mou while 
it deſeoribed the quadrant AQB, the portion 
of the femicircle AHT. that falls without 


the quadrant TDE, will repreſent the ſum, 


of. the. ſolar forces, diminiſbing the, gravity 
of the moon to the carth while it deſcribed 
the arc. AQ; and the portion gf the qua- 
dran. TDE that falls without tie ſemrs 
circle AHT will. repreſent the ſum. of the 


ſolar forces inereafing” the gravity of the 


moon to the earth while it deſcribed the arc 
B. 
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Let the arc AQ be divided into in- 
definitely little parts, Af, g, &c.; join 
Tf, Tg, &c.; let Tf meet the circle DHE 
in h, and the ſemicircle AHT in , and 
Tg meet the circle DHE in , and the 
ſemicircle AHT in , and ſo on let L/, 
Tg, Vc. meet the circle GRK in n, p, 
Sc.; let V be any point in the arc TH. 


Becauſe the arcs Af, g, &c. are indefi- 
nitely little, the centripetal force of the 
moon to the earth will [ I. ] be to the ſolar 
force diminiſhing the gravity of the moon 
to the earth at the point A, as the ſector 
TGM to the ſpace ADb#; therefore, if the 
ſector TON repreſent the centripetal force 
of the moon to the earth, the ſpace AD 
will repreſent the ſolar force diminiſhing 
the gravity of the moon to the earth at the 

point 
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point A. The ſame way it is ſhown, that 
if the ſector Trp repreſent the centripetal 
force of the moon to the earth, the {pace 
Ehm will repreſent the ſolar force diminiſh- 
ing the gravity of the moon to the earth 
at the point J, and ſo on; but the ſectors 
TG, Tup, &c. make up the ſetor TGR, 
and the ſpaces ADbk, Ehn, &c. make up 
the ſpace AHD; therefore if the ſector 
TG R repreſent the ſum of the centripetal 
forces of the moon to the earth that have 
acted upon the moon while the moon de- 
ſcribed the arc AQ, the ſpace AHD will 
repreſent the ſum of the ſolar forces dimi- 
niſhing the gravity of the moon to the earth 
while the moon deſcribed the arc AQ. The 
ſame way it is ſhown, that if the ſector 
TRK repreſent the ſum of the centripetal 
forces of the moon to the earth that have 

B _atd 
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acted upon the moon while the moon de- 
ſcribed the arc QB, the ſpace TYHE will 
repreſent the ſum of the ſolar forces increa- 
fing the gravity of the moon to the earth 
while the moon deſcribed the arc QB; and 
therefore it is evident, that if the qua- 
drant TGK repreſent the ſum of the cen- 
tripetal forces of the moon to the earth that 
have acted upon the moon while the moon 
deſcribed the quadrant AQB, the portion 
of the ſemicircle AHT that falls without 
the quadrant TDE will repreſent the ſum 
of the ſolar forces diminiſhing the gravity 
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of the moon to the earth while the moon 


deſcribed the arc AQ; and the portion of 
the quadrant TDE that falls without the 


ſemicircle AHT will repreſent the ſum of 


the ſolar forces increaſing the gravity of the 
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moon to the earth while the moon deſcri- 


bed the arc QB. 2. E. D. 


CooL LET 


Let there be any ſemicircle AHT; in 
TA take TD, fo that the ſquare of TA 
may be triple the ſquare of TD ; draw 
ITE perpendicular to TA; with the centre 
T, and diſtance TD, deſcribe the circle 
DHE, meeting TE in E, and the ſemi- 
circle in H: the ſum of the ſolar forces di- 
miniſhing the gravity of the moon to the 
earth will be to the ſum of the ſolar forces 
increaſing the gravity of the moon to the 
earth, as the portion of the ſemicircle AHT 
that falls without the quadrant TDE, to 
the portion of the quadrant TDE that falls 
without the ſemicircle AHT. 
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== YR O F. H. 
Let there be a ſemi circle whoſe diameter is AB 
in AB take BC ſo that the ſquare of BA may 
be triple the ſquare of BC; draw BD perpen- 
dicular to BC; with the centre B, and di}tance 
BC, deſcribe a circle meeting BD in D, and 
- the ſemicircle in E; and join DC : the por- 
tion of the ſemicircle that falls without the 
| quadrant will be to the portion of the qua- 
1 drant that falls without the ſemicircle, as 
rg DC, together with the arc CE, ts the ex- 
ö cefs DC above the arc DE. 


Let F be the centre of the ſemicircle 

AEB; join BE, FE, AE; draw FG pa- 

rallel to BE, meeting the ſemicircle in G, 

: and AE in H; and draw FK parallel to 

"9 AE, meeting the ſemicircle in K, and BE 
in L. 


The 


2 


Prop. 3. Tux Solar Force. 13 
The angle AEB is a right angle, becauſe 
an angle in a ſemicircle ;; therefore the 
angle AHF is a right angle; therefore the 
ſector AFE is double of the ſector AFG. 
The ſame way it is ſhown, that the ſector 
BFE is double of the ſector BFK. Becauſe 
the angle AFG is equal to the angle CBE, 
the ſectors AFG, CBE will be ſimilar ; 
therefore the ſector AFG will be to the 


ſector CBE as the ſquare of AF to the 
ſquare of BC; therefore the ſector AFE 


will be to the ſector BCE as twice the 
ſquare of AF to the ſquare of BC; that is, 
becauſe the ſquare of AB is triple the 
fquare of BC, as three to two; therefore, 
by diviſion, the exceſs of the ſector AFE 


above the ſector CBE will be to the ſector 


CBE as one to two: but the exceſs of the 
ſector AFE above the ſector CBE is equal 


to 
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to the exceſs of the ſpace AGEC above the 
1..." triangle FEB ; therefore the exceſs of the 
Fel: . {pace AGEC above the triangle FEB is to 
| the ſector CBE as one to two; and there- 

fore the exceſs of the ſpace AGEC above 

the triangle FEB is equal to half the ſector 

CBE; therefore the ſpace AGEC is equal 

to half the ſector CBE, together with the 

triangle FEB. Becauſe the ſquare of AB 

18 triple the ſquare of BC, or BE; therefore 


f the ſum of the ſquares of AE, EB is triple 
| the ſquare of BE; therefore the ſquare of 


; AE is double the ſquare of BE, or BC: but 
; þ the ſquare of DC is double the ſquare of 
J | BC; therefore AE, DC are equal. Becauſe 
f the rectangle AEB is double of the tri- 
LY angle AEB; therefore the rectangle DCB 


is double of the triangle AEB; and there- 
_ fore the rectangle DCB is quadruple· of the 
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triangle FEB; therefore the triangle FEB 
is equal to one fourth part of the rectangle 
DCB. Becauſe the ſector CBE is equal to 
one half of the rectangle contained by the 
arc CE and CB; therefore half the ſector 
CBE will be equal to one fourth part of the 
rectangle contained by CB and the arc 
CE ; therefore the ſpace AGEC is equal 
to one fourth part of the rectangle contain- 
ed by CB and the arc CE, together with 
one fourth part of the rectangle DCB; 
therefore four times the ſpace AG EC is e- 
qual to the rectangle contained by CB and 
the arc CE, together with the rectangle 
DCB. | 


Again : Becauſe FK is parallel to AE, the 
angle BFK will be equal to the. angle BAE, 
that is, equal to the angle DBE; therefore 

the 
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the ſectors BFR, EBD are ſimilar; there- 
fore the ſector BFK will be to the ſector 
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P ; EBD as the ſquare of BF to the ſquare of 


BD, or BC; therefore the ſector EFB will 
"bs to the ſector EBD as twice the ſquare of 
BF to the ſquare of BC, that is, as three to 
two; therefore, by diviſion, the excels of the 
ſector BFE above the ſector EBD will be 
\ to the ſector EBD as one to two: but the 
exceſs of the ſtctor BFE above the ſector 
EBD is equal to the exceſs of the triangle 
BFE above the ſpace BRE D; therefore the 
exceſs of the triangle BF E above the ſpace 
BKED is to the ſector BED as one to two; 
therefore the exceſs of the triangle BFE a- 
bove the ſpace BKED is equal to one half 
of the ſector. BED; therefore the- {ſpace 
BKED is equal to the exceſs of the triangle 
BF E above one half of the ſector BED: 
but 


Prop. 3- Tur Sorax Fonc r. 17 
but the triangle BFE is equal to one fourth 
part of the rectangle DCB, and half the ſee- 
tor BED is equal to one fourth part of the 
rectangle contained by BD, or BC, and the 
arc DE; therefore the ſpace BRE will be 
equal to the exeeſs of one fourth part of the 
rectangle DCB above one fourth part of the 
rectangle contained by BC and the arc 
DE; therefore four times the ſpace BRED 
will be equal to the exceſs of the rectangle 
DCB above the rectangle contained by CB 
and the are DE. Becauſe four times the 
ſpace AGEC is equal to the rectangle DCB, 
together with the rectangle contained by 
CB, and the are CE, and four times the 
ſpace BKED is equal to the exceſs of the 
rectangle DCB above the rectangle contain- 
ed by CB and the are DE; therefore four 
times the ſpace AGEC will be to four times 

C the 


18 THz SoLAR Force. _ Sect. I. 


the ſpace BKED, as the rectangle DCB, to- 
gether with the rectangle contained by CB, 
and the arc CE, to the exceſs of the rectan- 
gle DCB above the reQangle contained by 
CB, and the arc DE: but the rectangle DCB, 
together with the rectangle contained by CB, 
and the arc CE, is to the exceſs of the rect- 
angle DCB above the rectangle contained 
by CB, and the arc DE, as DC, together 
with the arc CE, to the exceſs of DC above 
the arc DE ; therefore four times the ſpace 
AGEG 'will be to four times the ſpace 
BKED,, as. DC, together with the arc CE, 
to the exceſs of DC above the arc DE ; and 
therefore the ſpace AGEC will be to the 
ſpace BRED, as DC, together with the arc 
CE, to the exceſs of DC above the arc DE. 
"© ED. 
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Prop. 4. TR SoLAR FoRcE, 
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PROF. IN... A + ' 


Let TA be the ſyaigial line, and TB the line 
of the quadratures ; and ſuppoſing the orbit 
of the moon round the earth at T to by a 


circle, let ACB be 4 quadrant of the lunar 
orbit; in TA take TD fo that the ſquare | \Y 
of TA may be triple the ſquare of TD; f 1 


draw DC perpendicular to TA, meeting 
the circle ACB in C; and join AB: the 
ſum of the ſolar forces diminiſhing the gra- 
vity of the moon to the earth will be to the 
ſum of the ſolar forces increaſing the gravi- 
ty of the moon to the earth, as BA, together 
with the arc AC, to the exceſs of AB a- 1 
bove the arc BC. 2 


Join TC; and let CE, a tangent to the 
C2 


circle | = 
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circle at C, Abet TA in E; and upon TE 
deſcribe the ſemicircle POE: 


© 


.. Becauſe the angle TCE is a right angle, 
and like wiſe the angle CDT a right angle, 
EI, will be to TC as TC to TD, that is, 
ET will be to TA as TA to TD; there- 

F fore the ſquare of ET will be to the ſquare 
| of TA as the ſquare of TA to the ſquare of {| 
TD : but the ſquare of TA is triple the 
ſquare of TD; therefore the ſquare of TE 

is triple the ſquare of TA; and therefore 


[Cor. to Prop. 2.] the ſum of the ſolar forces 
1 diminiſhing the gravity of the moon to the ; 
1 | earth will be to the ſam of the ſolar forces 
| q | increaſing the gravity of the moon to the 
; earth, as the portion of the. ſemicircle that 


HZ falls without the quadrant to the port tion of 


{| the \guadr ant. that falls. without the ſemi- 


0 ? 


circle ; 
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circle: but the portion of the ſemicircle that 
falls without the quadrant is Prop. 4. ] to 
the portion of the quadrant that falls with- 
out the ſemicircle, as BA, together with the 
arc AC, to the exceſs of BA above the aro 
BC ; therefore. the ſum of the ſolar forces 
- diminiſhing the gravity of the moon to the 
earth will be to the ſum of the ſolar forces 


increaſing the gravity of the moon to the 
earth, as BA, together with the arc AC, 
to the exceſs of BA above the arc BC, 
2, E. D. 


g R ULT 


The number of degrees and minutes in 
an arc equal to the line AB, is 81“ 100, the 
number of degrees and minutes in the arc 
AB is 54 44, the number of degrees and 


minutes 
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[= 


minutes in the arc BC is 35? 16'; there- 
fore the ſum of the ſolar forces diminiſhing 
the gravity of the moon to the earth will be 
to the ſum of the ſolar forces increaſing the 
gravity of the moon to the earth as 13 6 
54' to 45" 54, that is, as 8154" to 2754, 
that is, as 1 51 to 51; therefore the ſum of 
the ſolar forces diminiſhing the gravity of 
the moon to the earth is very nearly triple 
the ſum of the ſolar forces increaſing the 
gravity of the moon to the earth. 


v. Arcs 


Let TA repreſent the mean diſtance of the 
moon from the earth; at T draw AB per- 
pendicular to TA; and let TA be to AB 
in the duplicate ratio of the periodic time of 
tbe earth round the ſun to the peri * time 


of 


S 
— 


S 
— 
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of the moon round the earth; in BA produ- 
ced towards A take AC double of AB; in 
TA, or in TA produced towards A, take 
1 equal to the diſtance of the moon from 
the earth at any given time; and in BC 
take CE ſuch that BC may be to CE in 
the duplicate ratio of the radius to the fine 
of the elongation of the moon from the ſyz1- 
gial line at the given time, that is, let BC #9 
be to CE in the. duplicate ratio of the di- FF 
ſtance of the moon from the earth to its di- 1. 
lance from the ſyxigial line; join TE, and 
draw DF parallel to BC meeting TE in bs: 
F; let TA repreſent the centripetal force | 
of the moon to the earth at the diſtance TA, 
and DF will repreſent the force of the ſun . 
affefting the gravity of the moon to the 1 
earth at the given time : F DF an AC 
be on the ſame fide of TA, the force DF 4 
1 diminiſhes 4 | 


© 
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diminiſhes the gravity of the moon to the 
earth; but if on opposite fides of TA, the 
force DF zncreaſes the gravity of the moon 


— 


fo the earth. 


Let G be the true place of the moon at 
the given time, and TA the ſyzigial line; 
join TG; with the centre T, and diſtance 
TA, deſcribe a circle meeting TG, TA 
in H, K; draw HL perpendicular to TA 
meeting TA in L; in TA take TM ſuch 


that the ſquare of TA may be triple the . : 
| ſquare of TM; in TK take TN equal to ? 
| TM; and let the rectangle BAO be equal | 
il | | 1 
- to the ſquare of TA. | {t 
8 ö | | a8 
N Becauſe BC is to CE in the duplicate ra- M 

1 ( tio of the radius to the ſine of the elonga- 1 
tion of the moon from the ſizygial line, 6: 


0 | BC 
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BC will be to CE as the ſquare of TH to 
the ſquare of HL; therefore, converſely, 
CB will be to BE as the ſquare of TH to 
the ſquare of TL: and becauſe CB is triple 
of BA, and likewiſe the ſquare of TH 
triple the ſquare of TM, AB will be to 
BE as the ſquare of TM to the ſquare of 
TL; therefore, inverſely, BE will be to 
AB as the ſquare of TL to the ſquare of 
TM; therefore, by diviſion, EA will be 
to AB as the rectangle MLN to the ſquare 
of TM; therefore, inverſely, BA will be 
to AE as the ſquare of TM to the rectangle 
MLN : but the rectangle BAO is to the 
rectangle OAE as BA to AE; therefore 
the rectangle BAO is to the rectangle OAE, 
as the ſquare of TM to the rectangle 
MN: and becauſe the rectan gle BAO, that 
is, the ſquare of TA, is triple the ſquare 


D of 
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of TM; therefore the rectangle OAE is 
triple the rectangle MLN : and becauſe 
TA is to AE as the rectangle OAT to the 
rectangle OAE ; therefore TA will be to 
AE as the rectangle OAT to thrice the 
rectangle MLN. Becauſe the rectangle 
BAO is equal to the ſquare of TA, OA 
will be to AT as AT to AB: but AT is 
to AB in the duplicate ratio of the periodic 
time of the earth round the ſun to the pe- 
riodic time of the moon round the earth ; 
therefore OA is to AT in the duplicate ratio 
of the periodic time of the earth round the 
ſun to the periodic time of the moon round 
the earth ; therefore, ſuppoſing the moon at 
the point H, the centripetal force of the moon 
to the earth at the point H will Tract. 4. 
prop. 7.] be to the force of the ſun affect- 
ing the gravity of the moon to the earth 


at 
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at the point H, as the rectangle OAT to 
thrice the rectangle MLN ; that is, as TA 
to AE; therefore if TA repreſent the cen- 


tripetal force of the.moon to the earth at 
the diſtance TA, or TH, AE will repreſent 


the force of the ſun affecting the gravity of 


the moon to the earth at the point H: but 
the force of the ſun affecting the gravity of 


the moon to the earth at the diſtance TH 
is [ Tract. 4. prop. 18.] to the force of the 


ſun affecting the gravity of the moon to the 
earth at the diſtance TD, or TG, as TH 
to TG; that is, as TA to TD; that is, as 
AE to DF; therefore, becauſe AE repre- 
ſents the force of the ſun affecting the gra- 
vity of the moon to the earth at the point 


H, DF will repreſent the force of the ſun 


affecting the gravity of the moon to the 


earth at the point G. 2. E. D. 


D PROP, 
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PROP. VI. Bg. 6. . 

1 Let ABCD repreſent the orbit of the moon | * in 
| ; round the earth at T; and ſuppoſe the or- I | A 
3 Bit of the moon to be a circle, and to coin- « 
cide with the plane of the ecliptic, let AC 
be the fyzigial line; let the moon be at any 
3 | Point L in its orbit; draw LM. perpendi- 
cular to AC, meeting AC in M; produce * 
TM 7 H, and let TH be triple of TM , th 
join LH, LT; ket LH be t0 LK in the j 1 
duplicate ratio of the periodic time of the 2 
earth round the ſun to the periodic time of 
the moon round the earth : the felar force 4 | 
affecting the gravity of the moon to the | " 
earth acts in the direction LH; and the | | 
1 centripetal force of the moon to the earth | [ 
F | will be to the felar force acting upon the N 
moon in the direction LH as TL to LK. 


Let 


3 
5... 
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Let ST repreſent the diſtance of the ſun 
from the earth; and let TV be to TA 
in 'the duplicate ratio of the periodic time 
of the earth round the ſun to the periodic 


time of the moon round the earth. 


It was ſhown in the fixth propoſition of 
the fourth tract, that the ſolar force affecting 
the gravity of the moon to the earth acts in 
the direction LH; and in the corollary to 
the ſame propoſition it was ſkown, that the 
force of the earth to the ſun is to the ſolar 


force acting upon the moon in the direction 
LH nearly as ST to LH: but the centri- 


petal force of the moon to the earth'is to 


the centripetal force of the earth to the ſun 
Prop. 5. Tract 4.] as TV to ST; there- 


fore, by equality, the centripetal force of 


the moon to the earth will be to the ſolar 


force 
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force acting upon the moon in the direction 
LH as TV to LH: but becauſe TV is to 
TA as LH to LK, alternating, TV will 
be to LH as TA, or TL, to LK; therefore 
the centripetal force of the moon to the 
earth is to the ſolar force acting upon the 
moon in the direction LH as TL to LK. 


29. E. D. 


PROP. vil. Egg. 7. 


The ſalar force alfecting the gravity of the 
moon to the earth in any part of the lunar 
orbit may be reſolved into two forces: the 
one diminiſhes the gravity of the moon to 
the earth; the other acts upon the moon in 

a line parallel to the line of the quadratures, 


and preſſes the moon towards the ſyzigial 


line. The centripetal force of the moon to 
the 


Prop. 7, Tr Sorar Force. 31 
the earth is to half the ſolar force diminiſh- 
ing the gravity of the moon to the earth in 


the duplicate ratio of the periodic time of 1 
the earth round the ſun to the periodic time : .F 


of the moon round the earth. The ſolar 
force acting upon the moon in the direction 
parallel to the line of the quadratures is to 
the force diminiſhing the gravity of the 
moon to the earth, as thrice the diſtance of 


er at no at a 


the moon from the fyzigial line to twice the 
 diflance of the moon from the earth. 
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Let the circle ABCD repreſent the orbit 


W 
2 . 
5 
* 
* - 


of the moon round the earth at T; and let | 
AC be the ſyzigial line, and BD the line 1 
of the quadratures; and let the moon be | 
at any point L in its orbit; join TL; and | F 
draw LM perpendicular to TA, meeting 55 
TA in M; produce TM to H; and let [/ 
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TH be triple of TM; join LH; draw HE 
parallel to LM, meeting TL produced in 


E; and complete the parallelogram LEH; 
let LH be to LK in the duplicate ratio of 
the periodic time of the earth round the 5 
- | | ſun to the periodic time of the moon round 
the earth; let LE be to LG as LH to LK; 
likewiſe let LF be to LN as LH to LK. 


It was ſhown [Prop. 6.] that the ſolar 

force affecting the gravity of the moon to 

| the earth acts in the direction LH; and that 
the centripetal force of the moon to the 

' earth is to the ſolar force acting upon the 
moon in the direction LH, as TL to LK ; 

let the force acting in the direction LH be 
reſolved into two forces, one acting in the 
direction LE, the other acting in the di- 
rection LF. Becauſe LH is to LK as LE 
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| to LG, and likewiſe as LE to LN, if LK 
repreſent the ſolar force acting in the direc- 
tion LH, LG, LN will repreſent the ſolar 
forces acting in the directions LE, LF; and 
che centripetal force of the moon to the 
i 5 earth will be to the ſolar force acting in the 
WS direction LE as TL to LG; likewiſe the 
-centripetal force of the moon to the earth 5,0 4 
will be to the ſolar force acting in the di- -Y 
rection LF as TL to LN; and the ſolar 1 
force acting in the direction LE will be to 2, 
the ſolar force acting in the direction LE 
as LG to LN: but LE is to LG as LF to 
LN ; therefore, alternating, LE is to LF 
as LG to LN; therefore the ſolar force 
acting in the direction LE is to the ſolar 
force acting in the direction LF as LE to 5 
| LF. It is evident, that the ſolar force act- 
ing in the direction LE diminiſhes the gra- 
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vity of the moon to the earth, and that the 
 folar force acting in the direction LF preſſes 
the moon towards the ſyzigial line. Becauſe 
TH is triple of TM, HE, or LF, will be 
triple of LM, and LE will be double of LT; 
therefore TL will be to the half of LG as LE 
to LG; that is, as LH to LK: but LH is 
to LK in the duplicate ratio of the periodic 
time of the earth round the ſun to the pe- 
riodic time of the moon round the earth; 
therefore TL is to the half of LG in the 
duplicate ratio of the periodic time of the 
earth round the ſun to the periodic time of 
the moon round the earth : but becauſe the 
contripetal force of the moon to the earth 
is to the ſolar force acting upon the moon 
in the direction LE as TL to LG, the cen- 
tripetal force of the moon to the earth will 


be to half the ſolar force acting upon the 
moon 
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moon in the direction LE as TL to the 
half of LG; therefore the centripetal force 
of the moon to the earth will be to half the 
ſolar force diminiſhing the gravity of the 
moon to the earth in the duplicate ratio of 
the periodic time of the earth round the 
© ſun to the periodic time of the moon round 
the earth. Again, becauſe the force acting 
in the direction LE is to the force acting in 
the direction LF as LE to LF, and LE is 
double of TL, and LF triple of LM; there- 
fore the force diminiſhing the gravity of the 
moon to the earth will be to the force act- 
ing upon the moon in the direction parallel 
to the line of the quadratures, as twice the 
diſtance of the moon from the earth to 
thrice the diſtance of the moon from the 
ſyzigial line; and therefore the force act- 
ing upon the moon in the direction parallel 
E 2 g to 


R 
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to the line of the quadratures is to the force 
diminiſhing the gravity of the moon to the 
earth, as thrice the diſtance of the moon 
from the ſyzigial line to twice the diſtance 
of the moon from the earth. Q. E. D. 


„„ T3 To 


It is evident from the propoſition, that 


: | the forces diminiſhing the gravity of the 


moon to the earth, at different diſtances 


* 


k 


3 


of the moon from the earth, are to one an- 
other as the diſtances of the moon from the 
earth; and likewiſe the forces acting upon 
the moon in the direction parallel to the 
line of the quadratures, at different diſtances 
of the moon from the ſyzigial line, are to 
one another as the diſtances of the moon 


from the ſyzigial line. IF 
| PROP, 


=» 
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PROP. VIII Bg. 8. 


The ſolar force affetting the gravity of the moon 


_ 


to the earth in any part of the lunar orbit, 
may be reſolved into two forces; the one in- 


creaſes the gravity of the moon to the earth ; 
the other acki upon the moon in a line pa- 
rallel to the fyzigial line, and pulls the 
mooon. from the line of the quadratures : the 
centripetal force of the moon to the earth is 
to the ſolar force i ncreaſing the gravity of 
the moon to the earth in the duplicate ratio 
of the periodic time of the earth round the 


ſun to the periodic time of the moon round 


the earth: the ſolar force acting upon the 
moon in the direction parallel to the fyzigial 
line is to the ſolar force increaſing the gra- 
vity of the moon to the earth, as thrice the 


diſtance 


=» K 
A 


* * Pry * * 
—_ : . E * „* 


— — —— 


_— pay — 
* 
, "= £0 8 


— — 


38 Tux SOLAR Force. Sect. I. 


a ad: of the moon from the line of the 
" quadratures to the diſtance of the moon from 
. the earth. : 


* 


Let the circle ABCD repreſent the orbit 
of the moon round the earth at T; and let 


AC be the ſyzigial line, and BD the line of 
the quadratures; and let the moon be at a- 
ny point L in its orbit; join TL; and draw 
LM perpendicular to TA, meeting TA in 
M; produce TM to H; and let TH be 
triple of TM; join LH; and complete the 
parallelogram THEL ; let LH be to LK 
in the duplicate ratio of the periodic time of 
the earth round the ſun to the periodic time 
of the moon round the earth; let TL be 
to LG as LH to LK; likewiſe let LE be to 
IN as LH to LK; and let LE meet BD 


in F. ' 
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It was ſhown Prop. 6.] that the ſolar 
force affecting the gravity of the moon to 


the earth acts in the direction LH, and that 


the centripetal force of the moon to the 
earth is to the ſolar force acting upon the 


moon in the direction LH, as TL to LK: 


Let the force acting in the direction LH be 
reſolved into two forces, one acting in the 


direction LT, the other acting in the direc- 


"tion LE. Becauſe LH is to LK as LT to 


LG, and likewiſe as LE to LN, if LK re- 
preſent the ſolar force acting in the direc- 
tion LH, LG, LN will repreſent the ſolar 
forces acting in the directions LT, LE; and 


the centripetal force of the moon to the 


earth will be to the ſolar force acting in the 
direction LT as TL to LG; likewiſe the 


centripetal force of the moon to the earth 
will be to the force acting in the direction 


LE 
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LE as TL to LN; and the ſolar force acting 
in the direction LT will be to the ſolar force 


acting in the direction LE as LG to LN: 
but TL is to LG as LE to LN; therefore, 


alternating, LT. is to LE as LG to LN; 
therefore the ſolar force acting in the direc- 
tion LT will be to the ſolar force acting in 
the direction LE as TL to LE. It is evi- 
dent that the ſolar force aCting in the direc- 


tion LT increaſes the gravity of the moon 


to the earth, and that the ſolar force acting 


in the direction LE pulls the moon from 


the line of the quadratures. Becauſe TH 


is triple of TM, LE will be triple of TM: 
but TM, LF are equal; therefore LE is 
triple of LF. Becauſe the centripetal force 


of the moon to the earth is to the ſolar 
force increaſing. the gravity of the moon 
to the earth as TL to LG; that is, as LH 

to 
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to LK; and LH is to LK in the duplicate 
ratio of the periodic time of the earth round 
the ſun to the periodic: time of the moon 
round the earth; therefore the centripetal 
force of the moon to the earth will be to 
the ſolar force increaſing the gravity of the 
moon to the earth in the duplicate ratio of 
the periodic time of the earth round the ſun 
to the periodic time of the moon round the 
earth. Again: Becauſe the force acting in 
the direction LT is to the force acting in the 
direction LE as TL to LE, and LE is 
triple of LF ; therefore the force increaſing 
the gravity of the moon to the earth will be 
to the force acting upon the moon in the 
direction parallel to the ſyzigial line, as the 
diſtance of the moon from the earth to 
thrice the diſtance of the moon from the 


line of the quadratures; and therefore, in- 


F verſely, 
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verſely, the force acting upon the moon in 
the direction parallel to the ſyzigial line is 
to the force increaſing the gravity of the 


moon to the earth, as thrice the diſtance of 


the moon from the line of the quadratures 


to the diſtance of the moon from the earth. 
2, E. D. 


oer. 


It is evident from the propoſition, that 


the forces increaſing the gravity of the moon 
to the earth, at different diſtances of the 
| moon from the earth, are to one another as 
the diſtances of the moon from the earth ; 
and likewiſe the forces actin g upon the moon 
in the direction parallel to the ſyzigial line, 
at different diſtances of the moon from the 


line of the quadratures, are to one another 


as 
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4 as the diſtances of the moon from the line 
| of the quadratures. 


FRO F, IK Fig. 9. 


To determine the mean ſolar force affetting the 
gravity of the moon to the earth. 


Suppoſe the original orbit of the moon 
| round the earth to be a circle, if the action 
ö of the ſun did not affect the gravity of the 
moon to the earth: but it was ſhown, 
[ Tract. 4. Prop. 10.] that the action of 


the ſun upon the moon, in ſome parts of 


PPP 


the lunar orbit, diminiſhes the gravity of 
the moon to the earth, and in other parts 
of the lunar orbit, increaſes the gravity of 
the moon to the earth; but the ſum of the 
forces diminiſhing the gravity of the moon 
1 to 
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roy 
to the earth was ſhown Cor. to Prop. 4+] 


to be nearly triple the ſum of the forces in- 
creaſing the gravity of the moon to the 
earth ; and therefore, upon the whole, the 
action of the ſun upon the moon diminiſhes 
the gravity of the moon to the earth ; and 
therefore the lunar orbit is lengthened, and 
the lunar apogee has a progreſſive mo- 


tion. 


Let TA repteſent the diſtance of the 
moon from the earth, ſuppoſing the orbit 
of the moon to be a circle; let TA like- 
wiſe repreſent the centripetal force of the 
moon to the earth, ſuppoſing the action of 
the ſun not to affect the moon; in TA 
take Am, ſo that TA may be to Am as the 
centripetal force of the moon to the earth 


to the mean ſolar force affecting the gravity 
of 


- fs 
* Ts 5 1 3 ny En o : "EE q . 
TO | Q hs = 
MIT 1 3 * 0) 
c 
„ In r 
. . 
C N 


. 
Ov 
i 
„ 
7 
- 
8 
nl 
8 
1 
% 
© 
N. 
* 
4 
29 
- 
6 
1 
e 
186 
"0 
* 
* 
** 
ws 
3 
75 
"ES 
% 4 02 
4 
7 
IF 
41 
55 
1 
x 
7 
3 
* 
1 
9 
1 
* 
5e 
4 
* 
3 
1 1 
1 
1 
PAS 
FLY 
GY 2 
$7, oy 
If 
4 
F-$ 
* if 
N 
* 
hc? 4 
3 
q 


2 
8 

— 
1 
7 
JK 

DP 


Prop. 9. Tur SOLAR FORCE. 45 
of the moon to the earth; and in TA take | it 
AG, Aa ſo that AG is quintuple of Am, 4 
and Aa triple of Am; biſet Ga in 5; pro- wv 
duce TA to P, ſo that TA may be to TP i 
as TG to Ta; and biſet AP in x. It is 


evident, from what is demonſtrated in the 


27th propoſition of the fourth tract, that 4 | 
TP will be the greateſt diſtance of the | 
moon from the earth. It is likewiſe ſhown, | 4 


in the ſame propoſition, that the cube of 1 
TP will be to the cube of TA in the du- 1 
plicate ratio of the angle deſcribed by the b; 
moon from apogee to apogee to four right 


angles; but the angle deſcribed by the 


moon from apogee to apogee, according to 


=! 
— 


—— — 
o 


the obſervations of aſtronomers, is to four 


"w 


8 et. at. 2 . —_ af <p 
; e 
34 n *;1 : 2 2 


right angles as 363* 4 7“ 30“ to 360?; 


that is, reducing all to thirds, as 78422850 


to 7776000 ; that 1s, dividing by 1350, as 
58091 


Gr 
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58091 to 57600 ; therefore the cube of TP 


is to the cube of TA in the duplicate ratio 


of 58091 to 57600. Suppoſe TP to TA as 
the number x to 57600 ; therefore the cube 
of the number x will be to the cube of 
57600 as the ſquare of 58091 to the ſquare 
of 57600; therefore thrice the logarithm 
of the number x, together with twice the 
logarithm of 57600, will be equal to thrice 
the logarithm of 57600, together with twice 
the logarithm of 58091; therefore thrice 
the logarithm of the number x will be e- 
qual to twice the logarithm of 580gr, to- 
gether with the logarithm of 57600; there- 
fore the logarithm of the number x will be 
equal to two thirds of the logarithm of 
58091, together with one third of the 
logarithm of 57600; but the logarithm 
of 58091 is 4.76410,88526; therefore 

two 
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two thirds of the logarithm of 58091 
is 3.1760), 256843 and the logarithm 
of 57600 is 4.76042,24834 ; therefore 
one third of the logarithm of 57600 iS 
1.58680,74945; therefore two thirds of 
the logarithm of 58091, together with 
one third of the logarithm of 57600, is 
_ 4-76288,00629 ; therefore the logarithm of 
the number x is 4.76288,00629 ; therefore 
the number & is 57920.8700349; there- 
fore TP is to TA as 57926.8700349 to 
57600; therefore, by diviſion, PA is to 
AT as 326.8700349 to 57600; there- | 
fore, inverſely, TA is to AP as 57600 to 
326.8700349: but AP is to Axas 2 to 
1; therefore TA is to Ax as 115200 
to 326.8700349; therefore, by compoſi- 
tion, Tx is to xA as 115 526.8700349 to 


326.8700349. Becauſe TA is to TP as 
TG 
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TG to Ta, TA is to AP as TG to Ga; 
therefore TA is to Ax as TG to G5 1 
therefore Tx is to xA as Th to bG or ba; 
therefore To is to ba as 115526.8700349 to 
326.8700349; but 5a is to bA as 1 to 43 
therefore Tö is to bA as 115 526.8700349 
to 1307. 480 1396; therefore, by compoli- 
tion, TA is to Ab as 116834.3 501745 to 
1307.4801396; but Abis to Am as 4. to 1 3 
therefore TA is to Am as 116834. 3 501745 
to 326.8700349; that is, as 3 57. 43365 to 1; 
but TA is to Am as the centripetal force of 
the moon to the earth to the mean ſolar 
force affecting the gravity of the moon 
to the earth; therefore the centripetal force 
of the moon to the earth is to the mean 


ſolar force affecting the gravity of the moon 
to the earth as 3 57. 43365 to x. . E. D. 


8e. 


49 


S E FTF . 


The Diſtance of the Sun from the 
Earth determined. 


PROP. x “ 
E T the circle whoſe diameter is 


and centre T, repreſent the orbit 


# 7he moon round the earth at 
in TA produced take TV fo that TA mo; 
be to TV in the duplicate ratio of the perio- 


dic time of the moon round the earth to the 
periodic time of the earth round the ſun ; 
in TA take TG ſo that TV maybe to TG 
as the centrigetal force of the mgon to the 
earth to the mean ſolar force affecting the 
gravity of the moon to the earth ; in TV 
take 


G 


pa a gy 
5 
| F : ird 
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jake TE fo that TG, TA, TE" may, be 

| proporti onals ; and in AV take AD equal 
to AT; in EB take Eg fo that the rect 
angle contained by AB, Eq may be equal 
to the rectangle contained by BD, TE; in 
By take Bs ſo that Bq may be to Bs as Eg, 
together with AB, to AB; take hikewiſe in 
By, Br ſo that By may be to Br as EB, to- 
gether with AB, to AB; draw sv, rt per- 


pendicular to AB, meeting the circle in 
v, t: the ratio of the mean diſtance of 
the ſun from the earth to the mean diſtance 
of” rhe moon from the earth will be greater 
than the ratio of DB to vs, but leſs than the 
ratio of DB to tr. 


In TV take TK equal to one third part 
of the mean diſtance of the ſun from the 


carth ; draw KC a tangent to the circle at 
C; 
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C; join TC ; draw Tx parallel to KC, 
meeting the circle in x; and draw x9 per- 
pendicular to AB, meeting AB in o; in 
TB take TL ſo that the rectangle LKC 
may be equal to the exceſs of the ſquare of 
KT above one third part fof the ſquare of 
TA. | 


Becauſe the rectangle ATV is to thrice 
the rectangle KTL | Tract 4. Prop. 14.] 
as the centripetal force of the moon to the 
earth to the mean ſolar force affecting the 
gravity of the moon to the earth, that is, 
as TV to TG, that is, as the rectangle 
ATV to the rectangle ATG; therefore the 
rectangle ATG is equal to thrice the rect- 
angle KTL; therefore the rectangle EoA is 
[Tract 4. Prop. 16.] triple of the rectangle 
ATE : and becauſe the reQangle contained 

G 2 by 
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by AB, Eg, is equal to the rectangle con- 
tained by BD, TE, the ratio of By to Bo is 
greater than the ratio of Eq, together with 
AB, to AB, but leſs than the ratio of EB, 
together with AB, to AB, [Cor 1. and 2. 
to Prop. 20. Tract 4.] : but By is to Bs as 
Eg, together with AB, to AB; and Bg is 
to Br as EB, together with AB, to AB; 
therefore the ratio of By to Bo is greater 
than the ratio of Bgq to Bs, but leſs than the 
ratio of Bq to By; therefore Bo is leſs than 
Bs, but greater than By; therefore xs is leſs 
than vs, and greater than fr. Again: Be- 
cauſe Tæ is parallel to KC, the angles Tx, 
TKC will be equal, ang the angles Tox, 
KCT are equal, ben both right; there- 
fore the triangles Txo, KTC are ſimilar ; 
therefore T is to x0 as KT to TC, or 


TA: but KT is to TA as one third part of 
the 


TY wu. 
2 N 
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the mean diſtance. of the ſun from the 
earth to the mean diſtance of the moon 
from the earth; therefore Tx is to xo as 
one third part of the mean diitance of the 
ſun from the earth to the mean diſtance of 
the moon from the earth ; therefore thrice 
Tx is to xo as the mean diſtance of the ſun 
from the earth to the mean diſtance of the 
moon from the earth: but BD is triple of 
Tx, or TA; therefore BD is to xo as the 
mean diſtance of the ſun from the earth to 
the mean diſtance of the moon from the 
earth : but the ratio of BD to xo is greater 
than the ratio of BD to vs, and leſs than 
the ratio of BD to i; therefore the ratio 
of the mean diſtance of the ſun from the 
earth to the mean diſtance of the moon from 
the earth is greater than the ratio of BD to 


Vs, 
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vs, but leſs than the ratio of BD to tr. 
E. N. 


PROP. XL „ 


To determine the ratio of the mean diſtance of 
the fun from the earth to the mean diſtance 


of the moon from the earth nearly. 


Let the circle whoſe diameter is AB, 
and centre T, repreſent the orbit of the 
moon round the earth at T; in TA produ- 
ced take TV ſo that TA may be to TV in 
the duplicate ratio of the periodic time of 
the moon round the earth to the periodic 
time of the earth round the ſun; in TA 
take TG ſo that TV may be to TG as the 
centripetal force of the moon to the earth 


to the mean ſolar force affecting the gravi- 
ty 
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, ty of the moon to the earth; in TV take 
IE ſo that TG, TA, TE may be propor- 

tionals; and in AV take AD equal to AT; 

in EB take Eq fo that the rectangle con- 

tained by AB, Eq may be equal to the rect- 

f angle contained by BD, TE; in Be take 
2 Bs fo that By may be to Bs as Eg, together 
with AB, to AB; take likewiſe, in Bq, Br 

ſo that By may be to Br as EB, together 

| | with AB, to AB ; draw wv, rt perpendicu- 


e lar to AB, meeting the circle in v, f. 

1 | Becauſe TA is to TV in the duplicate 
f ratio of the periodic time of the moon 
c round the earth to the periodic time of the 


earth round the ſun, that is, as 1 to 178.725, 


J and TV is to TG as the centripetal force of 
1 the moon to the earth to the mean ſolar 
- force affecting the gravity of the moon to 


the 
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the earth, that is, [g.], as 357. 43365 to 
I ; therefore, by equality, TA is to TG 
as 3 57. 43365 to 178.725; but TE is to 
TA as TA to TG; therefore TE is to 
TA as 357. 43365 to 178.725; therefore 
TE is to AB as 357.43365 to 357-45; 
therefore, inverſely, AB is to TE as 357.45 
to 357.43305- Again: Becauſe the rect- 
angle contained by AB, Eq is equal to the 
rectangle contained by BD, TE, TE will 
be to Eq as AB to BD; that is, as 2 to 
3. Becauſe AB is to TE as 357.45 to 
357-43365, and TE is to Eq as 2 to 
3; therefore AB is to Eq as 714.9 to 
1072.30095; therefore, inverſely, Eq is 
to AB as 1072.30095 to 714.9: but AB 
is to TE as 357.45 to 357.43305; that is, 
as 714.9 to 714.8673; therefore, by e- 
quality, Eq is to TE as 1072.30095 to 
714.8673; 


1 
8 
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714.8673; therefore, by diviſion, gT is 
to TE as 357.43305 to 714.8673 ; that is, 
as 1 to 2: but TE is to TA as 357.43365 
to 178.725; therefore gT is to TA 
as 357. 43365 to 357.45; therefore, in- 
verſely, TA is to T2 as 357.45 to 
357.43365; therefore, converſely, TA, or 
TB, is to By as 357.45 to 0.01635 ; there- 
fore AB is to By as 714.9 to 0.01635, A- 
gain: Becauſe Eq is to AB as 1072.30095 
to 714.9, Eq, together with AB, will be 
to AB as 1787.20095 to 714.9: but Eg, 
together with AB, is to AB as Bg to Bs; 
therefore By is to Bs as 1787. 20095 to 
714.9, Becauſe AB is to Byq as 714.9 to 
0.01635, and Bꝗ is to Bs as 1787.20095 
to 714.9; therefore, by perturbate equality, 
AB is to Bs as 1787.20095 to 0.01635; 
that is, as 178720095 to 1635; therefore, 

H converſely, 
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converſely, AB is to As as 178720095 to 
178718460 ; therefore the ſquare of AB 
will be to the rectangle AsB as the ſquare of 
178720095 to the product of 178718460 by 


163 5; that is, as the ſquare of 178720095 


to 292204682100: but the ſquare of vs is 
equal to the rectangle AsB; therefore the 
ſquare of AB is to the ſquare of vs as the 
ſquare of 158720095 to 292204682100; 
therefore AB is to vs in the ſubdupli- 
cate ratio of the ſquare of 178720095 to 
292204682 100; that is, as 178720095 to 
540559.6; that is, as 330.620518 to 1: but 


BD is to AB as 3 to a; therefore BD is to vs 


as 495.930777 to 1: but the ratio of the 
mean diſtance of the ſun from the earth to 
the mean diſtance of the moon from the earth 
is [10.] greater than the ratio of DB to vs; 


therefore the ratio of the mean diſtance of 


Y ©. # Bp 


the ſun from the earth to the mean diſtance 
| of the moon from the earth is greater than 
the ratio of 495:930777 to 1. 


Again: Becauſe Eq is to AB as 1072.30095 
to 714.9, and AB is to Bg as 714.9 to 
0.01635; therefore, by equality, Eq is to 
By as 1072.30095 to 0.0163 5; therefore, 
by compoſition, EB is to By as 1072.3173 
to 0.01635: but By is to AB as 0.01635 
to 714.9; therefore, by equality, EB is to 
AB as 1072-3173 to 714.9 ; therefore, by 
compoſition, EB, together with AB, is to 
AB as 1787.2173 to 714.9: but EB, to- 
gether with AB, is to AB as Bg to Br; 
therefore By is to By as 1787.2173 to 
714.9. Becauſe AB is to Bq as 714.9 
to 0.01635, and Bg to Br as 1787.2173 
to 714.9 therefore, by perturbate e- 

. quality, 
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quality, AB is to Br as 1787.2193 to 
0.01635, that is, as 178721730 to 1635; 
therefore, converſely, AB is to Ar as 
178721730 to 178720095 ; therefore the 
ſquare of AB will be to the rectangle ArB 
as the ſquare of 178721730 to the pro- 


duct of 178720095 by 1635; that is, as 


the ſquare of 178721730 to 292207355325: 
but the ſquare of tr is equal to the 
rectangle ArB ; therefore the ſquare of 
AB is to the ſquare of tr as the ſquare 
of 178721730 to 292207355325; there- 
fore AB is to tr in the ſubduplicate 
ratio of the ſquare of 178721730 to 
292207355325, that is, as 178721730 
to 540502.073, that is, as 330.622 to 1: 
but BD is to AB as 3 to 2; therefore BD 
is to 7r as 495.933 to 1: but the ratio of 
the mean diſtance of the fun from the 

earth 
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earth to the mean diſtance of the moon 
from the earth is [10.} leſs than the ratio 
of BD to t; therefore the ratio of the : 
mean diſtance of the ſun from the earth to 
the mean diſtance of the moon from the 
earth is leſs than the ratio of 495.933 to 1- 
It was ſhown in the preceding paragraph, 
that the ratio of the mean diſtance of the 
ſun from the earth to the mean diſtance of 
the moon from the earth is greater than 


the ratio of 49 5.930777 to 1; and it is 
ſhown juſt now, that the ratio of the mean 


_ diſtance of the ſun from the earth to the 


mean diſtance of the moon from the earth 
is leſs than the ratio of 495.933 to 1; 
therefore, taking the mean of theſe two, 
the ratio of the mean diſtance of the ſun 
from the earth to the mean diſtance of the 


moon from the earth will be nearly equal to 


the 


i 


62 Tur Sun's DISTANCE Sec. II. 
| the ratio of 495.9315 to 1: for, taking half 
MW the difference of the extremes, the error is 
1 | leſs than 0.0011115; therefore the error is 
| | leſs than the 430000 part of the real di- 
| Kanoe. 2. E. I. 


PROP. XI. 


To determine the proportion of the diameter of 
the ſun to the diameter of the earth; and 
likewiſe the proportion of the magnitude of 
the ſun to the magnitude of the earth and 


Nicol. 


The mean apparent diameter of the ſun, 
according to Sir Iſaac Newton, is 32 12”, 
and the mean apparent diameter of the 
moon is 31 16“ 30“; therefore the mean 


apparent diameter of the ſun is to the mean 
apparent 
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apparent diameter of the moon as 1288 to 
1251: but the apparent diameter of the 
moon at the diſtance of the moon from the 
earth, is to the apparent diameter of the 
moon at the diſtance of the ſun from the 
earth, as the diſtance of the ſun from the 
earth to the diſtance of the moon from the 
earth, that is, as 495.9315 to 1; therefore 
the apparent diameter of the ſun will be to 
the apparent diameter of the moon at the 

diſtance of the ſun from the earth, a8 
638759. 772 to 1251, that 1s, [dividing 
by 9], as 70973.308 to 139; therefore the 
diameter of the ſun is to the diameter of the 
moon as 70973.308 to 139: but the dia- 
meter of the moon [according to Sir Iſaac 
Newton] is to the mean diameter of the 
earth as 100 to 36 5, that is, as 20 to 73; 


therefore the diameter of the ſun is to the 


diameter 


—_ 
—— —.. —— — — — . ̃ GET oe —.— * 
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diameter of the earth as 1419466.16 to 
10147, that is, as 139.89 to 1: and the 
magnitude of the ſun is to the 'magnitude 
of the earth as the cube of the diameter of 
the ſun to the cube of the diameter of the 
earth; therefore the magnitude of the ſun 
will be to the magnitude of the earth as 


2737537. 08 to 1. 


Again : Becauſe the diameter of the ſun 

is to the diameter of the moon as 70973.308 
| to 139, that is, as 510.599 to 1, and the 
magnitude of the ſun is to the magnitude 

of the moon as the cube of the diameter of 

the ſun to the cube of the diameter of the 

moon ; therefore the magnitude of the ſun 

will be to the magnitude of the moon as 


13311894 8.88 to 1. L. E. J. 


PR OP. 
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PROP. XIII. 

To determine the mean diſtance of the fun from 
the earth in ſemidiameters of the earth ; like- 
wiſe to determine the parallax of the ſun, 

| that is, to determine the angle which the ſe- 
midiameter of the earth would fubtend if 
viewed from the ſun, 


Becauſe the apparent diameter of the ſun 
is [according to Sir Iſaac Newton] 32' 12", 
the apparent ſemidiameter of the ſun will 
be 16' 6”; therefore the ſemidiameter of 
the ſun will be to the diſtance of the ſun 
from the earth as the ſine of 16' 6” to the 
radius, that is, as 1 to 213. 563 therefore, 
inverſely, the diſtance of the ſun from the 
earth will be to the ſemidiameter of the ſun 
I as 


5 
/ 
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as 213.56 to 1: but the ſemidiameter of 


the ſun is to the ſemidiameter of the earth 
as 139.89 to 1; therefore the diſtance of 


the ſun from the earth will be to the ſemi- 
diameter of the carth as 29874.9 to 1; 
therefore the mean diſtance of the ſun from 


the earth will contain 29874.9 mean ſemidi- 


ameters of the earth, 


Again : Becauſe the apparent ſemidiame- 
ter of the ſun is 16' 6”, that is, 966“, and 
the ſemidiameter of the ſun is to the ſemi- 
diameter of the earth as 139.89 to 1; 
therefore as 139.89 is to 1, ſo is 966" to the 
number of ſeconds in the angle ſubtended 
by the ſemidiameter of the earth if viewed 
from the ſun; and therefore the angle 
which the ſemidiameter of the earth would 
ſubtend 
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ſubtend if viewed from the ſun; will be 
6".9, that is, 6“ 54". 2, E. J. 


n L ARE YT KL 


It was ſhown in Prop. 11. that the di- 
ſtance of the ſun from the earth was to the 
diſtance of the moon from the earth, near- 
ly as 495.9315 to 1; therefore the mean 
diſtance of the. moon from the earth will be 
60.24 mean ſemidiameters of the earth ; 
which agrees very nearly with the diſtance 
aſſigned by Sir Iſaac Newton. 


COROLLA KM 


© Becauſe the ſemidiameter of the ſun is to 
the diſtance of the ſun from the earth as 1 
to 213. 56, and the diſtance of the ſun from 
| I a | the 
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the earth is to the diſtance of the moon from 
the earth as 495.9315 to 1; therefore the 
ſemidiameter of the ſun is to the diſtance of 
the moon from the earth as 495-9315 ta 
213-56, that is, nearly, as 55.1039 to 
23-73 : but the magnitude of the ſun will 
be to the magnitude of a globe whoſe ſe- 
midiameter is equal to the diſtance of the 
moon from the earth as the cube of 55.1039 


to the cube of 23.73 ; therefore the magni- 


tude of the ſun will be to the magnitude of 
a globe whoſe ſemidiameter is equal to the 
diſtance of the moon from the earth as 


12.52 to 1, 


BTHOLIUM 


The ingenious Mr Machin, late profeſſor 


of aſtronomy in Greſham college, in his ex- 
cellent 


— 


- — — - —— 


_— — 


— —— 
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cellent treatiſe, intitled, The /aws of the moon's 


motion according to gravity, gives thefollowing 


rule, in the 22d page, for determining the 


mean motion of the ſun from the lunar node. 


cc 


ec 


cc 


We 


cc 


cc 


cc 


cc 


© The mean motion of the ſun from the 
node is a geometrical mean proportional 
between the motion of the ſun and the 
mean motion of the ſun from the node, 


in the month when the line of the nodes 


is in quadrature with the ſun. 


« How near this rule agrees with the ob- 


ſervations, will appear by this calculation. 


« Since the mean motion of the node, 
in that month when the line of the nodes 


is in quadrature to the ſun, was before 


« ſhown to be to the moon's mean motion 
* ag 


* „ uy * — 
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c as 10 to 1211 ; and the motion of the ſun 
<< is to the motion of the moon as 160 to 
& 2139; it follows, that the motion of the 
| « node, and the motion of the ſun, will be 
( L © jn the proportion of 1 54 and 1395; and 
b * therefore, by the rule, the ſun's mean mo- 


| 0 « tion from the node is to the ſun's mean 
[ fl motion in the ſubduplicate proportion of 
q N 4 1549 to 1395, that is, nearly as 98 to 
. | N 6 93; which correſponds with the obſerva- 
6 te tions, there being 98 revolutions of the 
| ce ſun to the node in 93 revolutions of the 
4 te ſun. The ſubduplicate proportion taken 


e more nearly is as 941 to 893, which will 
te produce 19 21' 3“ for the motion of 


* the node from the fixed ſtars in a ſyde- 
* real year. The motion [as obſerved] is 


be 19˙ 210 22". 


Had 
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Had the calculation from the rule been 


ec 
ce 
e c 


«c 


ec 
cc 
ic 
ic 
cc 
cc 
cc 
10 
cc 
ac 
ic 


cc 


more exactly made in large numbers, 


the annual motion produced would be 
19 21' 77”, Which is 14“ leſs than the 
motion as obſerved by the aſtronomers. 

« Which difference may very bly 
ariſe from the ſun's parallax; and if ſo, 
it may perhaps furniſh the beſt and moſt 


certain method of adjuſting and fixing 


the true diſtance of the ſun. For the 


ſun's force being ſomething more on 
that half of the orb which is towards 
the ſun, than what it is on the other half, 


the elliptic epicycle is accordingly larger 
in the firſt caſe than in the latter: and, 
by calculation, I find, that the. mean 
motion of the node arifing, after conſi- 
deration is had of this difference, is more 

than 
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. „ than the mean motion from the mean 
“magnitude of the epicycle by near 2“ in 
« the year, for every minute in the paral- 
« lactic angle of the orbit of the moon, 
« or for every ſecond of the ſun's parallax : 
e and, by the beſt computation I have yet 
« made, this difference of 14“ in the an- 
© nual motion of the node, will ariſe from 
« about 8” of parallax, which will make 
the ſun's diſtance above 25000 ſemi- 


« diameters of the earth.” 


It is evident from the above quotation, 
that this eminent mathematician ſuſpected 
that it was poſſible to determine the ſun's 
diſtance from the earth by the theory of 
gravity. By his method he found, that the 
mean motion of the node is more than the 


mean motion from the mean magnitude of 


the 


— 


% 


$ 
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the epicycle by near 2“ in the year for every 
ſecond of the ſun's parallax: by this me- 
thod, therefore, the difference of I4 in the 
annual motion of the node will ariſe from 
about 7“ of parallax ; which agrees very 
nearly to what we have above demonſtrated 
it to be. The celebrated Mr Huygens, in 
his ingenious treatiſe, intitled, Coſmotheoros ; 
or, Conjectures concerning the planetary worlds, 
aſſerts, that the diſtance of the ſun from 
the earth is not leſs than 24000 ſemidia- 
meters of the earth ; and the very ingenious 
and accurate Mon. de la Hire in his Tabul, 
Aſtron. [p. 6. of the Tables] thinks the ſun's 
horizontal parallax to be not above 6“; and 
his diſtance therefore to be 34377 ſemidia- 
meters of the earth. Both theſe aſtrono- 
mers make the diſtance of the ſun from the 
earth to be greater than what was generally 
K imagined, 
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imagined. The diſtance we haye aſſigned 
is nearly a mean between both. 


PROP. XIV. 


To determine the mean diſtance of the ſun and 
moon from the earth in Engliſh miles: 
likewiſe to determine the ſemidiameter of 
the ſun and moon in Engliſh miles. 


An arc of one degree of a meridian of 
the earth [upon the ſuppoſition that the 
earth is of a ſpherical figure] according to 
1 . Mr Picart's menſuration, contains 57060 
Paris toiſes; that is, 365658 Engliſh feet ; 
that is, 69.2534 Engliſh miles; therefore 
a great circle of the earth will contain 


24931.224 Engliſh miles; therefore the 


ſemidiameter 
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ſemidiameter of the earth will contain 
3967. 9272 Engliſh miles. 

Becauſe the diſtance of the ſun from the 
earth is [ 13. ] 29874. 9 mean ſemidiameters 
of the earth; therefore the diſtance of the 

ſun from the earth will be 118541428 


Becauſe the mean diſtance of the ſun 
from the earth is [11.] to the mean diſtance 
of the moon from the earth as 495.9315 to 
1; therefore the mean diſtance of the moon 
from the earth will be 239027. 9 Engliſh 
miles. | | 


Again: Becauſe the ſemidiameter of the 


ſun is to the ſemidiameter of the earth as 


139.89 to 1; therefore the ſemidiameter of 
* 2 the 
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; the ſun will contain 55 5073 Engliſh miles. 


Becauſe the ſemidiameter of the earth is to 
the ſemidiameter of the moon as 365 to 100, 
that is, as 73 to 20, and the ſemidiameter of 
the earth contains 3967. 9272 Engliſh miles; 
therefore the ſemidiameter of the moon will 


contain 1087 Engliſh miles. Q. E. J. 


PROP. XV. 


To determine the proportion of the quantity of 
matter in the ſun to the quantity of matter 
in the earth and moon; as alſo the proportion 
of the denſity of the ſun to the denſity of the 
earth : likewiſe to determine the ratio of the 
forces of the ſun and moon upon the tides. 


The duplicate ratio of the periodic time 
of 


8 


77 


of the moon round the earth, were the 
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moon at the ſame diſtance from the earth 


that the ſun is, to the periodic time of the 


moon round the earth, is as the cube of the 
diſtance of the ſun from the earth to the 

cube of the diſtance of the moon from the 
earth, that is, as the cube of 495.9315 to 

1, that is, as 121973386.6937 to 1; and 
the duplicate ratio of the periodic time of 
the moon round the earth to the periodic 
time of the earth round the ſun is as 1 to 
178.725; therefore the duplicate ratio of 
the periodic time of the moon round the 
earth, were the moon at the ſame diſtance 
from the earth that the ſun is, to the periodic 
time of the earth round the ſun, is as 
121973386.6937 to 178.725, that is, as 
682464. to I ; and therefore [Cor. to Prop. 5. 
Tract 4.1 the attractive force of the ſun is to 
the 
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the attractive force of the earth as 682464 
to 1; therefore the quantity of matter in 
the ſun is to the quantity of matter in the 
earth as 682464 to 1. 


The quantity of matter in a globe of the 
fame magnitude with the ſun, and of the 
fame denſity with the earth, will be to the 
quantity of matter in the earth as the mag- 
nitude of the fun to the magnitude of the 
earth, that is, as 2737537.08 to 1; and 
the quantity of matter in the carth is to the 
quantity of matter in the ſun as 1 to 682464 ; 
therefore the quantity of matter in a globe 
of the ſame magnitude with the ſun, and of 
the ſame denſity with the earth, will be 
to the quantity of matter in the ſun as 
2737537.08 to 682464 ; therefore the 
denſity of the earth is to the denſity of the 


ſun 
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ſun as 2737537. 08 to 682464, that is, as 
4 to I nearly. 


It is generally allowed by aſtronomers, 
that the nearer the planets are to the ſun 
their denſities are greater; and as the moon 
may be conſidered to be at the ſame diſtance 
from the ſun that the earth is, the denſity 
of the moon may be conſidered to be equal 
to the denſity of the earth ; and becauſe the 
diameter of the moon is to the diameter of 
the earth as 100 to 365, that is, as 20 to 
73 ; therefore the maſs of matter in the 
moon will be to the maſs of matter in the 
carth as 8000 to 389017, that is, as 1 to 
48.627: but the maſs of matter in the 
earth is to the maſs of matter in the ſun as 
x to 682464 ; therefore the maſs of matter 
in the moon will be to the maſs of matter 


i 
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in the ſun as 1 to 33 186176.928; there- 
fore the forge of the moon upon the tides 
will be to the force of the ſan upon the 
tides, ' were the ſun at the ſame diſtance 
from the earth that the moon is, as 1 to 
33186176.928: but the force of the ſun to 
move the tides, were the ſun at the ſame di- 
ſtance from the earth that the moon is, is 
to the force of the ſun to move the tides in 
the triplicate ratio of the diſtance of the ſun 
from the earth to the diſtance of the moon 
from the earth, that is, as 121973386.6937 
to 1; therefore the force of the moon to 
move the tides will be to the force of the 
ſun to move the tides as 121973386.6937 
to 33186176.928, that is, nearly as 3.67 54 


"+ 8 


Sir Iſaac Newton, in the 37th propoſition 
of 
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of the third book of his Principia, makes 
the force of the moon to move the ſea to be 
to the force of the ſun to move the ſea as 
4.4815 to 1, Mr Daniel Bernouillie, in his 
treatiſe on the flux and reflux of the ſea, 
which gained the premium from the acade- 
my 1740, makes the force of the moon to 
move the ſea to be to the force of the ſun 
to move the ſea as 2. 5 to 1. Sir Iſaac New- 
ton and Mr Bernouillie deduce their propor- 
tions from ſome obſervations of the height 
of the tides. Mr Bernouillie alledges, 
that the obſervations Sir Iſaac Newton 
made uſe of to fix his proportion are ill cho- 
ſen. We will not pretend to give a poſitive 
deciſion which of their obſervations were 
beſt choſen; but as the height of the tides 
is affected by a variety of circumſtances, 
ſuch as the depth, the fituation, and the 

| diferent 


- = 
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different windings of the coaſts, the cur- 
rents, winds, &c. which render it impoſ- 
ſible to determine, with any degree of ac- 
curacy, the forces of the fun and moon to 
affe the tides ; therefore theſe obſervations 
are not to be depended upon. The cele- 
brated M, d'Alembert, in his ingenious 
treatiſe on the preceſſion of the equinoxes, 
and the nutation of the earth's axis, publiſh- 
cd at Paris in the year 1749, by a different, 
but very accurate method, makes the force 
of the moon to move the ſea to be to the 


force of the ſun to move the ſea nearly as 


19 to 6, that is, nearly as 3.1666 to 1; 


which proportion agrees nearly with the 


proportion before aſſigned, ſuppoſing the 
moon's denſity to be the fame with the den- 
ſity of the earth. 


Some 
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Some imagine that there are no fluids in 
the moon, becauſe there is no atmoſphere 
obſerved about the moon. If this was the 
caſe, it is reaſonable to ſuppoſe the denſity 
of the moon to be greater than the denſity 
of the earth. But ſuppoſing the moon to be 
a globe of the ſame texture with the globe 
of the earth, and to be furniſhed with fluids 
in propottion to thoſe of the earth, the 
height of the atmoſphere of the moon 
would be ſo ſmall, as that it could not be 
obſerved by the moſt nice obſervations. It 
will be allowed, that the height of the at- 
moſphere will be in proportion to the velocity 
of the moon round its axis, and the quantity 
of fluids on its ſurface. The velocity of the 
moon round its axis is leſs than the twenty- 
ſeventh part of the velocity of the earth 
round its axis; and the quantity of fluids 
L 2 on 
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on the ſurface of the moon will be leſs than 
the twelfth part of the quantity of fluids on 
the ſurface of the earth; therefore the 
height of the atmoſphere of the moon would 
be very little in compariſon of the height of 
the atmoſphere of the earth. Suppoſing the 
height of the atmoſphere of the earth to be 
about 50 miles, the height of the moon's 

atmoſphere would be leſs than the ſixth part 
of a mile; which, if viewed from the earth, 
would ſubtend an angle leſs than the ſixth 
part of a ſecond. The reaſon aſſigned by 
ſome aſtronomers for alledging, that the 
moon has no atmoſphere, is, That if the 
moon had an atmoſphere, the planets and 


ſtars which often are ſeen near its limb (and 


ſometimes the moon paſſes over them) would 
have their light refracted. But in anſwer to 
this, it is to be obſerved, that during the 

Ef tranſit 
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tranſit of the moon over a planet or fixed 
ſtar, the time of the tranſit of the atmo- 
ſphere of the moon would be leſs than the 
third part of a ſecond of time; which time 
is ſo ſmall, that no aſtronomer can pretend 


to obſerve it. 


=O 


To determine the diſtances of the planets from 
the fun in ſemidiameters of the earth, and 
likewiſe in Enghfh miles. 


The periodic times of the planets (with 
reſpect to the fixed ſtars), revolving about 
the -ſun, - are, in days, and decimal parts 


of a day, according to Sir Iſaac Newton, as 


follows. 


Saturn, 
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Saturn, 1o759.275 
4 Jupiter, 4332.514 
| Mars, 686.9785 
q Earth, 3065.2 56 5 
| | Venus, 224.6176 
1 Mercury, | 87.9692 
3 | and therefore, becauſe the ſquares of the pe- 
WE: riodic times are as the cubes of their mean 
Fl diſtances from the ſun, the mean diſtances 
y \ : of Saturn, Jupiter, Mars, Venus, Mercury, 
& | from the fun, will be to the mean diſtance 
| of the earth from the fun as the following 
| numbers. 
Y | Saturn, 954006] 
3 Jupiter, 520096 
= | Mars, 152369 
ö venus, 72333 
Mercury, 38710 


nr 
ee go * 
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Becauſe 
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Becauſe the mean diſtance of the earth 
from the ſun contains 29874.9 mean ſemi- 
diameters of the earth ; therefore the diſtan- 
ces of Saturn, Jupiter, Mars, Venus, Mer- 
cury, from the ſun, in mean ſemidiameters 
of the earth, will be as follows. 

Saturn, 285008 

Jupiter, 155378 

Mars, 45520 

Venus, 21609 

Mercury, 11563 
Becauſe the ſemidiameter of the earth eon- 
tains 3968 Engliſh miles nearly ; therefore 
the diſtances of Saturn, Jupiter, Mars, Ve- 
nus, Mercury, from the ſun, in Engliſh 

miles, will be as follows, = 


* 


Saturn, 
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Saturn, 1130911644 
Jupiter, 616539904 
Mars, 180623360 
Venus, 85744512 
Mercury, 4588 1984 


The diſtances of the planets from the ſun 
being determined in Engliſh miles, their 
diſtances in Scots miles will be eafily com- 
puted ; thirty-three Scots miles being equal 
to thirty-ſeven Engliſh miles. 


PROP. XVII. 


To determine the velocity of the moon and 
earth in their reſpective orbits, . 


Becauſe the ſemidiameter of the earth is 


Cor. 1. Prop. 13. ] to the mean diſtance of 
the 
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the moon from the earth as 1 to 60.243 
therefore a degree of a great circle of the 
earth will be to a degree of the lunar orbit 
as I to 60. 24: but a degree of a great cir- 
cle of the earth contains 69.2534 Engliſh 
miles; therefore a degree of the lunar orbit 
will contain -4.171.8248 Engliſh miles. Be- 
cauſe the periodic time of the. moon round 
the earth 1s 27 days 7 hours 43 minutes, 
that is, 39343“; therefore 39343' is to 1' 
as 360 to the arc of the lunar orbit deſcri- 
bed by the moon in a minute: but 360 
contains 216000; therefore 39343 is to 1 
as 21600' to o. 549“; therefore the arc of 
the lunar orbit deſcribed by the moon in a 
minute is 0.549'. Becauſe 60', that is, a 
degree of the lunar orbit, contains 4171. 8248 
Engliſh miles; therefore as 60 is to 0.549 
ſo is 4171.8245 to 38.172 1969, the num- 

M Dar 
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ber of Engliſh miles the moon paſſes through 


in a minute of time. 


Again : Becauſe the ſemidiameter of the 
earth is [ 13.] to the mean diſtance of the ſun 
ſrom the earth as 1 to 29874.9 ; therefore 
a degree of a great circle of the earth will 
be to a degree of the earth's orbit round the 
ſun as 1 to 29874. 9: but a degree of a great 
circle of the earth contains 69.2534 Engliſh 
miles; therefore a degree of the earth's or- 
bit will contain 2067938.39966 Engliſh 
miles, Becauſe the periodic time of the 
earth round the ſun is 365 days 6 hours 
9 minutes, that is, 526029“; therefore 
526029 is to 1 as 300), that is, 216000, to 
o. 04106239 therefore the arc of the an- 
nual orbit deſcribed by the earth in a mi- 
nute of time is o.o4 106239. Becauſe 60), 
that 
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that is, a degree of the annual orbit, con- 
tains 2067938.39966 Engliſh miles; there- 
fore as 60' is to 0.04100239', ſo is 
2067938.39966 to 1415.24, the number 
of Engliſh miles the earth paſſes through in 


a minute of time. 


The number of miles the earth paſſes 
through in a minute of time being determi- 


ned, the number of miles any of the pla- 
nets paſſes through in a minute of time will 
be eaſily determined by the following pro- 


poſition. 


PROP. XVIII. Eg. 12. 


| The velocities of any two planets round the ſun 
are reciprocally in the ſubduplicate ratio of 


their diſtances from the ſun. 
Mx . Let, 


„ 
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L“et the circles ABC, DEF repreſent the 
orbits of two planets round the ſun at 8, 
the centre of both circles; let AG, DH be 
parts of the orbits deſcribed in an indefinite- 
1y little part of time; join SA, SD, meeting 
the circles ABC, DEF in C, F; join AG, 
DH, and CG, FH; and draw GK, HL 
perpendicular to AC, DF, meeting AC, 
EK, L. 


Becauſe the arcs AG, DH are deſcribed 
in an indefinitely little part of time, the pla- 
net revolving in the circle ABC would, by 
the centripetal force tending to the ſun, de- 
ſcend through a ſpace equal to AK in the 
time the arc AG is deſcribed ; likewiſe the | 
planet revolving in the circle DEF would 
deſcend through a {pace equal to DL in the 
time the arc DH is deſcribed ; but the arcs 
| AG, 
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AG, DH are deſcribed in equal times; 
therefore the ſpaces AK, DL would be 
| paſſed over in equal times; therefore AK 
will be to DL as the centripetal force at A 
to the centripetal force at D, that is, as the 
ſquare of SD to the ſquare of SA, that is, 
as the ſquare of FD to the ſquare of CA: 
but AK is to DL as the rectangle CAK to 
the rectangle AC, DL; therefore the rect- 
angle CAK is to the rectangle AC, DL as 
the ſquare of FD to the ſquare of AC; 
therefore, alternating, the rectangle CAK is 
to the ſquare of FD as the rectangle AC, DL 
to the ſquare of AC, that is, as DL to 
AC: but DL is to AC as the rectangle 
FDL to the rectangle FD, AC; therefore 
the rectangle CAK is to the ſquare of FD as 
the rectangle FD to the rectangle FD, AC; 
therefore, alternating, the rectangle CAK 


18 
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is to the rectangle F DL as the ſquare 
of FD to the rectangle FD, AC, that is, as 
FD to AC, that is, as SD to SA, But be- 
cauſe AG, DH are indefinitely little, the 
rectangle CAK may be conſidered as equal 
to the ſquare of AG, and the rectangle FDL 
may be conſidered as equal to the ſquare of 
DH ; therefore the ſquare of AG will be to 
the ſquare of DH as SD to SA; therefore 
AG will be to DH in the ſubduplicate ratio 
of SD to SA : but becauſe the arcs AG, DH 
are deſcribed in the ſame time, the velocity 
of the planet deſcribing the arc AG will be 
to the velocity of the planet deſcribing the 
arc DH, as the arc AG to the arc DH; 
i 3 therefore the velocity of the planet revolving 
in the circle ABC will be to the velocity of 1 
the planet revolving in the circle DEF in f 

the ſubduplicate ratio of SD to SA. 2. E. D. 


PR OP. 
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PROP. XIX. 


Te determine the velocity of Saturn, Fupiter, 
Mars, Venus, and Mercury, in their re- 


ect ive orbits. 


The diſtance of Saturn from the ſun is 
to the diſtance of the earth from the ſun as 
954006 to 100000; therefore the velocity 
of the earth in its orbit will be to the velo- 
city of Saturn in his orbit in the ſubdupli- 
cate ratio of 954006 to 100000, that is, 
nearly as 3088 to 1000; therefore as 3088 


to 1000 ſo is 1415.24, the number of Eng- 


liſh miles the earth paſſes through in a Mis 


nute, to 458, the number of Engliſh miles 
that Saturn paſſes through in a minute of 


time. 


The 
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The diſtance of Jupiter from the ſun is 


to the diſtance of the earth from the ſun as 


520096 to 100000; therefore the velocity 


of the earth in its orbit will be to the velo- 


- 


city of Jupiter i in his orbit in the ſubdupli- 
cate ratio of 520096 to 100000, that. is, 
nearly as 228 to 100; therefore as 228 to 
100, ſo is 1415.24, the number of Engliſh 
miles the earth paſſes through in a minute, 
to 620, the number of Engliſh miles that 


Jupiter paſſes through in a minute of time. 


The diſtance of Mars from the ſun is to 
the diſtance of the earth from the ſun as 
152369 to Iio00000; therefore the velocity 
of the earth in its orbit will be to the velo- 
city of Mars in his orbit in the ſubduplicate 


ratio of 152369 to 100000, that is, nearly 


as 1234 to 1000; therefore as 1234 to 


looo, 


Yate. £96- 


* 


. 


* 
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0, ſo is 1415.24; the number of Engliſh 
miles the earth paſſes through in a minute, 
0 1146, the number of Engliſh miles that 
Mlnrs paſſes through in a minute of time. 


—_— The diſtance of Venus from the ſun is to 
N the diſtance of the earth from the ſun as 
5 72333 to 100000, therefore the velocity of 
the earth in its orbit will be to the velocity 
of Venus in her orbit in the ſubduplicate ra- 
tio of 72333 to 100000, that is, nearly as 
17 to 20; therefore as 17 is to 20, ſo is 
141 5:24, the number of Engliſh miles the 
earth paſſes through in a minute, to 1665, 
the number of Engliſh miles that Venus 
paſſes through in a minute of time. 
Ihe diſtance of Mercury from the ſun 
is to the diſtance of the earth from the ſun 
N as 


<w 
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28 387 10 to 100000 ; therefore the velocity 


of the earth in its orbit will be to the velo - 
city of Mercury in his orbit in the ſubdupli- 


cate ratio of 38710 to T00000, that is, 


nearly as 622 to 1000; therefore as 622 to 


ooo, fois 1415.24, the number of Eng- 


liſh miles the earth paſſes through in a mi- 
nute, to 2275, the number of Engliſh miles 
that Mercury paſſes through in a minute of 
time. 


or. . 


To determine the magnitude of Mercury, Ve- 
nus, Mars, Jupiter, and Saturn, 


'The diameters of Mercury, Venus, Mars, 
Jupiter, and Saturn, ſeen from the ſun at 


the 
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the mean diſtances, (according to the cele- 
brated M. de la Caille, in his Elements of 
Aſtronomy), are as follows. 


Mercury, 21" 
Venus, 3 
Mars, 12” N 
Jupiter, 370% 
Saturn, 16“ 


Therefore the diameters of Mercury, Ve- 
nus, Mars, Jupiter, and Saturn, ſeen from 
the ſun at the diſtance of the earth from 
the ſun, will be as follows. 
Mercury, * 

Venus, 27” af 

Mars, $8” 19” 

Jupiter, 3' 12“ 26” 


7 


Saturn, 2 32" 28" 


N 2 Therefore 


"Bn Sd ne Mora 
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Therefore the diameters of Mercury, Ve- 
nus, Mars, Jupiter, and Saturn, will be to 
the diameter of the earth as the following 


— 


numbers. E 
Mercury, 58816 
Venus, 157240] 
Mars, 132487 to loo 
Jupiter, 1393719 
Saturn, 1106039} 


And becauſe the diameter of the earth 
contains nearly 7936 Engliſh miles ; there- 
fore the diameters of Mercury, V enus, Mars, 
Jupiter, and Saturn, in Engliſh miles, will 
be as follows. | 


Mercury, 4667 


Venus, 12479 | 
Mars, 10514 , 
Jupiter, IB obey © 


Saturn, 87 775 
| The 


| 
[ 
| 
| 
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The magnitude of Mercury, Venus, Mars, 

Jupiter, ind Saturn, will be to the magni- 
tude of the earth as the following numbers. 
Mercury, 0.20346 
1 Venus, 3.888110 
Mars, 2.3255 1 tor 
Jupiter, 2707 

Saturn, 1353 


— 


Therefore the magnitude of Mercury is a 
little more than the fifth part of the magni- 
tude of the earth. 


The magnitude of Venus is nearly four 


| | times the magnitude of the car th. f 


The magnitude of Mars is nearly equal to 


twice the magnitude of the earth, together 


with 


«x 


162 Tar Son's BrsrAxver Sect. I. 
with one third part of the magnitude of the 


earth. 


The magnitude of Jupiter is nearly two 
thouſand ſeven hundred and ſeven times Go 
| magnitgde of the earth, 1 


The magnitude of Saturn is nearly one 
thouſand three hundred and fifty three times 
the magnitude of the earth. 


PROP. XXI. 
To determine the proportion of the quantity of 
matter in Jupiter and Saturn, to the guan- 


tity of matter in the earth, 


The denſity of Jupiter is to the denſity of 
the 
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the earth (according to Sir Iſaac Newton) 
as 94.5 to 400, and the magnitude of Jupi- 
ter is to the magnitude of the earth as 2707 
to 1; therefore the quantity of matter in Ju- 
piter will be to the quantity of matter in the 
earth as 639 to 1. 


The denſity of Saturn is to the denſity of 
the earth (according to Sir Iſaac Newton) as 
67 to 400, and the magnitude of Saturn is 
to the magnitude of the earth as 13 53 to 1; 
therefore the quantity of matter in Saturn 
will be to the quantity of matter in the earth 
as 226 to 1. 


— 9, 
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